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Scientific  Letter

Diagnostic Yield and Safety of

Ultrasound-Assisted Pleural Biopsy (UAPB)

in Pleural Effusion: A Life-Real Study

To the Director,

Obtaining pleural tissue (PT) is  often necessary to achieve

definitive diagnosis in patients presenting with pleural effusion

(PE).1 There are a  variety of pleural biopsy (PB) techniques and

no consensus exits regarding which needles are appropriate. The

reported sensitivities vary widely depending on the population

studied.2–4

Medical thoracoscopy (MT) has been shown to  be a method

with high diagnostic yield.5 For this reason, the use of PB for

diagnosis of PE is  questionable. However, image-guided PB or

ultrasound-assisted PB (UAPB) can have  a significantly higher accu-

racy, especially if there is pleural thickening (>1 cm)  or  masses.6–8

But, the role of ultrasound to guide these biopsies is not well-

defined. We  would expect pleural metastases to  be more frequent

inferiorly in the thorax and ultrasound may  be able to  help identify a

more suitable, lower for sampling.3 A trial in suspected tuberculous

compared diagnostic yield between UAPB Abrams and Tru-cut.9

Ultrasound was used to identify the optimal sampling site and biop-

sies were performed without direct guidance. Diagnostic yield was

higher using Abrams (91% vs 79%, p  = 0.015), but the data may  be

limited by the focus on suspected tuberculous rather than undiag-

nosed PE.9 Our group performed a  prospective study to compare

the diagnostic yield PB (no real-time biopsy) using an Abrams nee-

dle and choosing the point of entry with ultrasound. The sensitivity

of UAPB in malignant PE  (MPE) was 77% compared to  60% with blind

PB.3

The aim of this study is  to evaluate the diagnostic accuracy and

safety of UAPB in a group representative of patients with PE  of

everyday clinical practice.

This was a observational study. The cohort comprises all patients

who underwent UAPB for PE at our institution over last 3-years.

Ultrasound was  performed to  select the site of biopsy (no real-time

biopsy). The aetiology of PE was determined based on accepted

criteria by guidelines.1 All patients were followed up for at least 6

months.

All procedures were performed by  2 interventional pulmonolo-

gist. The type of needle was decided by the operator. The choice of

needle was not randomized and depended of characteristics radi-

ological and needle available.

92 patients were to undergo PB (Table 1). PT was  obtained in

82% [Abrams 98.4% vs Tru-cut 72%; p  =  0.001].

The overall accuracy of UAPB was 74% [Abrams 79% vs Tru-cut

63%; p = 0.08]. The diagnostic yield in MPE  was 67% [Abrams 70.6%

vs Tru-cut 68.4%; p = 0.5]. The biopsy contribute to the immunohis-

tochemistry and molecular diagnosis of malignancy in all cases. In

Table 1

Study Population.

N  = 92 (%)

Male/female (%) 57  (62%)/35 (38%)

Age, years 70 (58.2–81)

Diagnosis

Malignant pleural effusion 53  (57.6%)

Lung adenocarcinoma 25

Breast cancer 4

Small-cell lung cancer 5

Mesothelioma 3

Lymphoma 3

Squamous cell carcinoma 3

Gastric cancer 2

Othersa 5

Benign  pleural effusion 34  (37%)

Tuberculous pleurisy 9

Others benign pleural effusion
Idiopathic 14

Pleuropericarditis 4

Paramalignant pleural effusion 1

Chronic liver disease 3

Paraneumonic pleural effusion 3

No  diagnosis 5  (5.4%)

Extent of  PE
≥2/3 (massive o large) 27  (29.3%)

<2/3 65  (70.7%)

Location PE
Right 42  (45.7%)

Left 40 (43.5%)

Bilateral 10 (10.9)

CT 88  (95.7%)

Pleural thickness CT 48  (54%)

Nodular thickness 32

Diffuse  thickness 11

Enhancement 5

Pleural mass 7

Type  of needle
Abramns 62  (67.4%)

Tru-cut (16G) 30 (32.6%)

Abbreviations: PE = pleural effusion.
a 1 colon adenocarcinoma; 1  sarcoma Ewing; 1 metastatic adenocarcinoma; 1

kidney adenocarcinoma; 1 urothelial cancer.

Table 2 shows the yield diagnostic for each type of tumour or pleu-

ral  thickening. We  perform a  univariate and multivariate analysis to

analyze what factors could influence in  these results. The variables

related to  patient, radiological characteristics, type of  needle and

others biopsy-associated factors don’t relate with overall diagnostic

yield.
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Table  2

Yield Diagnostic for Each Type of Tumour and Each Type of Pleural Thickening.

Pleural biopsy diagnostic

Type of tumour more frequently
Lung adenocarcinoma 15/25 (60%)

Small-cell lung cancer 5/5 (100%)

Breast cancer 2/4 (50%)

Mesothelioma 3/3 (100%)

Lymphoma 1/3 (33.3%)

Type of pleural thickening 34/48 (70.8%)

Nodular thickness 21/33 (65.6%)

Diffuse thickness 9/11 (81.8%)

Enhancement 4/5 (80%)

Pleural mass 5/7 (71.4%)

The diagnostic yield for tuberculous PE was 78% [Abrams 71% vs

Tru-cut 100%; p =  0.5]. In the group of patients with other benign PE,

adequate PT were obtained in  92%. In theses two groups of patients

the most of the PB were made with the Abramns needle (>75%).

Complications were in 9.8% [Abrams 11.3% vs Tru-cut 6.7%;

p = 0.3]. They were: Abrams: 5 cases reaction vasovagal, 1 pneu-

mothorax that required a  chest drain and 1 haemothorax required

surgery; Tru-cut: 2 cases reaction vasovagal.

This is the first study to evaluate in a real setting and with

unselected consecutive patients with different etiologies of PE the

accuracy and safety of UAPB and to analyze potential factors the

influence of yield diagnostic.

PB can be performed in a  different ways2,10–12 and ultrasound is

increasingly considered an essential tool for the pulmonologist.13

In our study, the yield UAPB was 74%. Ultrasound assistance in

selection of site, it improved the acquisition of adequate specimens,

compared to site selection via digital percussion and auscultation,

independently of the existence of masses or pleural thickening.3

Pleural malignant deposits tend to predominate to the middle and

diaphragm. UAPB allows biopsies to  be performed in  the lower tho-

racic parietal pleura, where the spread pleural metastasis is more

likely, and may  lead to improved diagnostic yield. UAPB increased

by >17% in MPE.3 These results could be important for the training

of new interventional pulmonologists in specific units.14

In other study, described a  similar diagnostic yield for UAPB

with Tru-cut (free-hand technique).15 127 UAPB were reviewed.

Although it wasn’t the only main objective of the study, the yield

diagnostic of UAPB was 54% for MPE.15

Koegelenberg et al.9 compared UAPB Abrams and Tru-cut needle

but only for pleural tuberculous. UAPB performed with Abramns

needle are more likely to  contain PT and have a higher diagnos-

tic sensitivity.9 No pneumothoraces or major haemorrhages were

documented.

Zhang T  et al.2 investigated the diagnostic yield of PB with a

different needle in two centres of China. In this study, the sensi-

tivity for MPE  was 51% and for tuberculous 68%. But in  this study,

they didn’t image-guided because it can requires a higher level of

training. Unlike our study, the authors excluded non-specific diag-

noses, which might be malignancy or tuberculous, because we  did

not follow up with these patients to make a  firm diagnosis.

MT  is established largely and effective diagnostic procedure of

PE.5 However, MT  requires a degree of expertise and is not avail-

able in many hospitals, therefore, transthoracic PB can be  the prefer

initial procedure.3,16 Recent studies have proposed that image-

guidance significantly increases the yield of such biopsies and also

decreases the risk of complications.12,16–18

A randomized trial compared of the accuracy of ultrasound-

guided cutting needle biopsy with a  MT  for tuberculous pleuritis.10

The sensitivity was, 82% and 90% (p >  0.5).10 Ultrasound-guided

needle biopsies seem to  be  safe and beneficial in patients in whom

MT  is not feasible.11

Few previous reports have explored factors affecting diagnostic

yield of PB  in large simples. Zhang et al. investigated the diagnostic

accuracy of PB and analyzed the differences of influencing factors in

the results.19 The pleural thickness and needle size were indepen-

dently predicted diagnostic accuracy. Our study has limitations as

the study of Zhang. We  did not measure pleural thickening and both

were retrospective studies. The selection of needles or the selection

of puncture angles was  not random.

PB is not free of risks, although the percentage of complications

is very low, 0–10%.6,13,20 The most frequently described complica-

tions are small hematomas at the biopsy site, pneumothorax and

haemothorax, both very rare complications. In our study, there

were no major complications with Tru-cut needle. The risk of  com-

plications is  lower than with Abramns needle.

This current study has some limitations. First, this study was

conduced with a  retrospective design at a  single institution and this

isn’t a  randomized trial. Although a  potential selection bias may

have affected the study results, data from all subjects were con-

secutively collected. This research can serve to initiate prospective

randomized studies.

However, this is a real-world study. To the best our  knowledge,

it is the first study to  analyze the diagnostic yield and safety of

UAPB in an unselected population of PE with different etiologies in

Caucasian population.

Our results suggest that the UAPB performed by interventional

pulmonologist continues to be an effective technique with a  high

yield diagnostic of PE. However, the Abrams needle was associated

with risk  of complications of greater severity and clinical relevance.

The UAPB should be included in  the diagnostic algorithms of PE

and it could provide an alternative technique in  clinical practice,

especially for hospital without MT.

Conflict of Interest

None.

References

1. Botana Rial M,  Pérez Pallarés J, Cases Viedma E, López González FJ, Porcel JM,
Rodríguez  M,  et al. Diagnosis and treatment of pleural effusion recommenda-
tions of the Spanish Society of Pulmonology and Thoracic Surgery. Update 2022.
Arch Bronconeumol. 2023;59:27–35.

2. Zhang T, Wan  B, Wang L, Li  C,  Xu Y,  Wang X, et al. The diagnostic yield of closed
needle pleural biopsy in exudative pleural effusion: a retrospective 10-year
study. Ann Transl Med. 2020;8:491.

3. Botana-Rial M,  Leiro-Fernandez V, Represas- Represas C, González-Piñeiro A,
Tilve-Gómez A,  Fernández-Villar A. Thoracic ultrasound-assisted selection for
pleural biopsy with Abrams needle. Respir Care. 2013;58:1949–54.

4. Lin Z, Wu D,  Wang J, Wang C, Huang M.  Diagnostic value of ultrasound-guided
needle biopsy in undiagnosed pleural effusions: a systematic review and meta-
analysis. Medicine (Baltimore). 2020;99:e21076.

5. Avasarala SK, Lentz RJ, Maldonado F. Medical thoracoscopy. Clin Chest Med.
2021;42:751–66.

6. Rahman NM,  Gleeson FV. Image-guided pleural biopsy. Curr Opin Pulm Med.
2008;14:331–6.

7. Dixon G, de Fonseka D,  Maskell N.  Pleural controversies: image guided biopsy vs.
thoracoscopy for undiagnosed pleural effusions? J Thorac Dis. 2015;7:1041–51.

8. Bibby AC, Maskell NA. Pleural biopsies in undiagnosed pleural effusions;
Abrams vs  image-guided vs thoracoscopic biopsies. Curr Opin Pulm Med.
2016;22:392–8.

9. Koegelenberg CFN, Bolliger CT,  Theron J,  Walzl G, Wright CA,  Louw M,  et al. Direct
comparison of the diagnostic yield of ultrasound-assited Abrams and Tru-cut
needle biopsies for pleural tuberculosis. Thorax. 2010;65:857–62.

10. Zhou X,  Jiang P, Huan X,  Li  W, Chen Y, Gao  H, et  al. Ultrasound-guided ver-
sus thoracoscopic pleural biopsy for diagnosing tuberculous pleurisy following
Inconclusive thoracentesis: a  randomized, controlled trial. Med Sci Monit.
2018;24:7238–48.

11. Hallifax RJ, Corcoran JP, Ahmed A, Nagendran M,  Rostom H,  Hassan N, et al.
Physician based ultrasound-guided biopsy for diagnosing pleural disease. Chest.
2014;146:1001–6.

12. Metintas M,  Ak G,  Dundar E, Yildirim H, Ozkan R, Kurt E, et al. Medical
thoracoscopy vs  CT scan-guided Abrams pleural needle biopsy for diagno-
sis  of patients with pleural effusions: a  randomized, controlled trial. Chest.
2010;137:1362–8.

521

http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0155
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00083-8/sbref0160


M.  Botana-Rial, I. Lojo-Rodríguez, C. Ramos-Hernández et al. Archivos de Bronconeumología 60 (2024) 520–522

13. Laursen CB, Clive A, Hallifax R, Pietersen PI, Davidsen JR, Bhatnagar R, et al.
European Respiratory Society statement of thoracic ultrasound. Eur Respir J.
2021;57:2001519.

14. McDill H, Maskell N. Setting up pleural disease service. Clin Chest Med.
2021;42:611–23.

15. Botana Rial M,  Briones Gómez A,  Ferrando-Gabarda JR, Cifuentes Ruiz JF, Guarin
Corredor MJ,  Manchego Frach N, et  al. Tru-cut needle pleural biopsy and cytology
as  the initial procedure in the evaluation of pleural effusion. Arch Bronconeumol.
2014;50:313–7.

16. Mei F, Bonifazi M,  Rota M,  Cirilli L,  Grilli M,  Duranti C,  et al. Diagnostic yield and
safety of image-guided pleural biopsy: a systematic review and meta-analysis.
Respiration. 2021;100:77–87.

17. Wei  Y, Shen K, Lv T, Liu H, Wang Z,  Wu J, et al. Comparison between closed pleural
biopsy and medical thoracoscopy for the diagnosis of undiagnosed exudative
pleural effusions: a  systematic review and meta-analysis. Trans Lung Cancer
Res.  2020;9:446–58.

18. Sivakumar P, Jayaram D,  Dhileepan V, Ahmed I, Ahmed L.  Ultrasound-guided
Abrams pleural biopsy vs CT-guided Tru-cut pleural biopsy in malignant pleural
disease, a year follow-up study. Lung. 2016;194:911–6.

19. Zhang Y, Tang J, Zhou X, Zhou D, Wang J,  Tang Q. Ultrasound-guided pleural
cutting needle biopsy: accuracy and factors influencing diagnostic yield. J  Thorac
Dis.  2018;10:3244–52.

20. Zhang Q, Deng MM,  Li XL, Lu Y, Hou G. Thoracic ultrasound-guided real-time
pleural biopsy in the diagnosis of pleural diseases: a  systematic review and
meta-analysis. Expert Rev Respir Med. 2023;17:805–13.

Maribel Botana-Rial a,b,c,∗,  Irene Lojo-Rodríguez a,

Cristina Ramos-Hernández a,b,  Ana González-Piñeiro d,
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